zures, hypotonia, and severe mental retardation (for ex-
Introduction a simple monogenic model. It is possible that Mendelian, The current interest in identifying susceptibility loci for monogenic inheritance is implicated in a minority of indiautism reflects the degree to which molecular genetic viduals, but the majority of cases seem likely to arise findings seem likely to transform our understanding of on the basis of multiple susceptibility genes; otherwise the underlying pathology, improve diagnosis and geknown as polygenic or oligogenic inheritance. In such netic counseling, and eventually lead to new strategies genetically complex disorders, functional variants in of prevention and treatment for this handicapping dissusceptibility genes have only a weak or moderate efease. Autism represents the prototypical pervasive defect: they confer an increased risk of developing the velopmental disorder (PDD): a group of neurodeveldisorder but each locus is insufficient alone to cause the opmental conditions characterized by impaired social full clinical phenotype. There may also be heterogeneity interaction and communication, accompanied by unwith susceptibility attributable to several, possibly overusually restricted and stereotyped patterns of behaviors lapping, sets of interacting genes. Models using family and interests and an onset in the first 3 years of life (for and twin data for autism and related phenotypes have review, see Bailey et al., 1996) . The diagnostic features been generated suggesting that between two and ten of autism are outlined in Table 1 . The clinical presentaloci may be implicated (Pickles et al., 1995) , a model tion can vary considerably between affected individuals with three interacting loci providing the best fit. Whether and is influenced by intellectual level and the possible individual loci predispose to specific components of the presence of nonspecific behaviors such as hyperactivity behavioral phenotype is presently unclear. In addition, and self-injury. Several reports of abnormalities in the other genetic mechanisms, such as expanding triplet hippocampus, amygdala, cerebellum, and cerebral correpeats or imprinting may contribute to the complexities tex may provide some clues about the neuroanatomical of inheritance and phenotypic variability. basis of autism; however, there is still no consensus about how these abnormalities relate to developmental psychopathology, general cognitive impairment, and the
Clues from Chromosomal Abnormalities
The strong genetic predisposition and the early age of development of epilepsy. onset make autism an obvious candidate for molecular genetic approaches to identify the underlying biological Importance of Hereditary Factors in the Etiology of Autism mechanisms. An association between a disease and chromosomal Autism is etiologically heterogeneous; known medical conditions are implicated in perhaps 10%-25% of abnormalities-such as deletions, translocations, and duplications-can point to areas of potential interest for cases, the strongest associations being with tuberous sclerosis and the Fragile X syndrome. Family and twin mapping. A great variety of chromosomal abnormalities have studies show evidence for a substantial genetic predisposition in most idiopathic cases. The prevalence of been reported in individuals with autism (reviewed in Gillberg, 1998), but one potentially specific association core autism has been estimated to be 5 in 10,000 (Fombonne, 1999), whereas the rate of similarly defined auis with abnormalities of an unstable region of chromosome 15 (15q11-q13). The most common abnormalities tism among siblings of affected probands is between 2% and 3% (Szatmari et al., 1998 zures, hypotonia, and severe mental retardation (for ex- Figure 1 ), are male. Skuse et al. (1997) described an increased incidence of autism among females with 45,X (Turner overcome this potential difficulty by using as internal controls the frequencies of parental alleles that are not syndrome). They also found that maternal origin of the single X chromosome was associated with significantly transmitted to affected offspring (Spielman and Ewens, 1996) . Association of a particular allele with a disease more deficits in social cognition and verbal IQ than paternal origin. Whether this particular apparent imprinting can occur if the allele is implicated in the etiology of the disease, or if it is in linkage disequilibrium with the effect is relevant in idiopathic cases of autism is unclear, as fathers seem to show a higher rate of milder autismsusceptibility locus. Association is usually only detectable if the allele is very close to or within the susceptibilrelated phenotypes than mothers (Bailey et al., 1998). ity gene, so the approach is predominantly used to test polymorphisms within known candidate genes, or as a Mapping Disease Genes: Linkage and Association tool for fine mapping a region of interest identified by Genetic mapping relies on tracking the cosegregation linkage studies. of polymorphic DNA markers (naturally occurring variations in DNA sequence) with a disorder. A statistically significant association between the disorder and markGenome-Wide Linkage Studies In the absence of strong clues to the location or nature ers at an identified genetic location implies a nearby susceptibility locus, ultimately permitting identification of susceptibility loci for autism, many groups have embarked on a whole genome screen using an affected of the gene without a priori knowledge of its biological function. There are two different approaches to genetic relative-pair design. This typically involves genotyping 300-400 highly polymorphic microsatellite markers, mapping: linkage and association (Figure 1) . Linkage is based on identifying markers that cosegregate with the evenly spaced throughout the genome. All the available linkage information is then used to calculate the maxidisease within families and classically uses multigenerational pedigrees-containing several affected indivimum lod score (MLS) value at each point of the genome to generate multipoint MLS profiles along the 23 chroduals-in which it is possible to infer the mode of inheritance of the disease locus and specify the relemosomes. The peaks in these profiles represent the possible locations of susceptibility genes. vant parameters. In genetically complex disorders, the mode of inheritance is generally unknown and large afFive genome-wide scans have been completed to date (see Table 2 ). In interpreting their findings, some fected pedigrees are unavailable. Therefore, alternative (Table 2) , they all detected some degree of increased sharing in a cytogenetic abnormality associated with the disorder provides a further means of distinguishing true from 7q. This is a very exciting outcome given the general difficulties in replicating linkage claims in psychiatric false positives. Other factors that may complicate comparison of the results from the genome scans reviewed disorders. However, a closer look at the individual studies reveals a complex scenario, with some of the positive in Table 2 The second emerging area of interest is on chromosome 15q11-q13, overlapping with the region involved in the cytogenetic rearrangements associated with autism. A cluster of genes encoding ␥-aminobutyric acid receptor (GABA A ) subunits, considered potential candidate genes for autism, also map to this region. The Duke group investigated this region in detail (Bass et al., 2000) . Parametric and nonparametric analysis on 63 multiplex families gave a peak at D15S217 (p ϭ 0.03), distal to the GABA A receptor genes cluster. An increased recombination rate in autism families was also observed for this region. Other linkage results pointing to this region are a MLS ϭ 1.10 from the PARIS genome scan, and a very modest increased sharing detected by the CLSA group. In the IMGSAC and Stanford families, this region showed no evidence of linkage.
Other potential areas of interest showing increased sharing in more then one study include regions on chromosome 13q and 16p. The 13q region was the most significant result in the CLSA genome scan, with a MMLS/het score of 3 and an estimated proportion of families linked to this locus of 35%. Weak increased screens and the enlargement of existing family collections. Larger sample sizes will help all groups to increassharing in the same 13q region also appeared in the Stanford genome screen (MLS ϭ 0.68); in the IMGSAC ingly distinguish between true and spurious linkages and further overlapping areas of linkage are likely to study, a modestly positive lod score (MLS ϭ 0.59) was reported ‫03ف‬ cM distal to the CLSA highest peak. The emerge. We can also anticipate the use of more sophisticated analytical approaches to extract the full genetic 16p region was the second most significant result detected by the IMGSAC (MLS ϭ 1.51); the PARIS study information from family data by accurately measuring milder autism phenotypes and dimensionalizing the difdetected a MLS ϭ 0.74 in 16p, while no increased sharing was present in the remaining genome scans. To ferent phenotypic components for use in Quantitative Trait Loci analysis. The identification of the first autism date none of the genome scans have found linkage to chromosome X. susceptibility gene is likely to accelerate the discovery of other genes and will hopefully provide pointers to the mechanisms underlying abnormal brain development Association Studies and function. That leap in our knowledge will be crucial Positive associations using case-control designs have for developing new preventative and treatment stratbeen reported for polymorphisms at several loci, includegies. ing the c-Harvey-ras-1 (HRAS1) gene, the EN2 homeogene, and specific HLA haplotypes. These asso-
